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Seismic Profiling of Geologic Structures Near Pierre, South Dakota

By Thomas C. Nichols, Jr., Donley S. Collins, and Henri S. Swolfs

ABSTRACT

The data obtained from a commercial seismic-reflection profile and a U.S.
Geological Survey high-resolution seismic-reflection profile are not
sufficient to conclusively demonstrate that near-surface faulting in the
Cretaceous Pierre Shale is directly related to faulting in the underlying
Precambrian rocks. The seismic data show fault displacements of as much as 70
ft in the Cretaceous sedimentary rocks at a depth of 2,130 ft; these
displacements disrupt overlying rocks and appear to extend into the lower part
of the Pierre Shale. Basement faulting affected depositional processes and
deformed overlying deposits through Paleozoic and into late Mesozoic time.

The structures found in Paleozoic and Mesozoic sedimentary rocks can be
explained either by low-amplitude folding and faulting or sedimentary
processes occurring after Precambrian time.

INTRODUCTION

Field studies supported by the State of South Dakota, in an area located
approximately 22 miles west of Pierre, S. Dak., adjacent to and north of U.S.
Highway 14 (fig. 1), have revealed surface evidence of at least 150 ft of
stratigraphic throw or structural relief in the Pierre Shale over a distance
of less than a mile along Lance Creek (fig. 2). The structural relief is
thought to result from the vertical displacements on faults in the shale. To
evaluate the possible cause of the deformation, it is first necessary to
determine if basement structures are interacting with those near the
surface. Thus, we use seismic-reflection techniques to determine the
interaction, if any, between basement and near-surface structures.

FIELD INVESTIGATIONS

A structure-contour map (fig. 2) of the top of the Government Draw
Bentonite Beds (Nichols and others, 1986), stratigraphic marker beds in the
Virgin Creek Member of the Pierre Shale, shows an elevation drop of more than
150 ft along Lance Creek from the southeast corner of section 23 to the
northeast corner of section 14. Along the same traverse, we have mapped only
those faults with sufficient stratigraphic evidence to determine offsets.
Other observed faults with indeterminable offsets or those that were too
inaccessible to measure were not mapped.

Two approximately south-to-north-oriented seismic-reflection profiles
provide important stratigraphic and structural information. The eastern
profile (figs. 1 and 2) was conducted as part of a commercial venture, whereas
the shorter western profile (fig. 2) was obtained by the U.S. Geological
Survey (USGS) for this study (Williams and others, 1989). Four exploration
drill holes provide stratigraphic control (fig. 1) along the two profiles,
with only the Prince No. 23-14 and No. 1 Stanley drill holes within the study
area shown on figures 1 and 2. On the 7%-mile-long commercial profile, the
part containing stations 19-29 in section 14 is the most important because it






















































